Paracrine induction of angiogenesis in vitro by Swiss 3T3 fibroblasts.
During angiogenesis, normally quiescent endothelial cells that line existing microvessels are induced to invade the surrounding extracellular matrix and to form capillary sprouts in response to paracrine factors released by neighboring cell types. In an attempt to mimic the physiological conditions under which angiogenesis is triggered in vivo, we have designed two co-culture systems that are suitable for the study of paracrine interactions between microvascular endothelial cells and cell types that might produce angiogenic factors. In the first model, cells to be co-cultured with endothelial cells were suspended within a collagen gel and overlaid with an additional collagen gel devoid of cells, onto which bovine microvascular endothelial cells were subsequently seeded and grown to confluence. In the second model, a small collagen gel disc containing a suspension of endothelial cells was embedded into a larger, cell-free collagen gel disc, which in turn was surrounded by an annular collagen gel containing other cell types. We show that Swiss 3T3 fibroblasts and their 3T3-L1 substrain induce the formation of capillary-like tubes by endothelial cells in these co-culture systems, whereas Balb 3T3 cells, as well as a number of other fibroblasts and epithelial cells, lack this ability. Thus, endothelial cells grown on a collagen gel containing Swiss 3T3 or 3T3-L1 cells invaded the underlying matrix to form a network of interconnecting tubules. In addition, Swiss 3T3 and 3T3-L1 cells stimulated extensive radial outgrowth of tubular sprouts from the periphery of endothelial-cell-containing collagen discs. Conditioned medium from Swiss 3T3 cells mimicked the effect of co-culture by inducing formation of capillary-like tubes, and also increased plasminogen activator activity in endothelial cells. Conditioned medium from Balb 3T3 cells, in contrast, lacked these activities. Preliminary evidence suggests that the factor(s) in Swiss 3T3 conditioned medium that induces tubule formation by endothelial cells may be different from a number of well-characterized angiogenic cytokines. The co-culture systems described here should prove to be useful for the identification of physiological regulators of angiogenesis produced by various cell types.